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 Molecular association behavior and interfacial mechanism of polyamidoamine 
dendrimers for anionic porphyrins and bioactive species at the polarized water|1,2-
dichloroethane (DCE) interface as a model of biomembrane were studied through 
potential modulated fluorescence (PMF) spectroscopy. In aqueous solutions, zinc(II) 
porphyrin associated with the dendrimers was stabilized without protolytic demetalation 
in a wide range of pH. On the other hand, the free base porphyrin was readily protonated 
following the formation of the J-aggregates of diprotonated species. PMF measurement 
at the interface revealed that the dendrimers incorporating porphyrin molecules were 
transferred across the positively polarized interface accompanied by the adsorption 
process, whereas the porphyrins released from the dendrimers were transferred at the 
negatively polarized interface. In addition, the ion association stability between the 
dendrimer and the porphyrin was quantitatively estimated from the negative shift of the 
transfer potential of the porphyrins. Although ionizable drugs were not effectively 
associated with the dendrimers in the aqueous solutions, PMF results of the fluorescent 
dipyridamole (DIP) indicated that the interfacial mechanisms of DIP species were 
significantly modified by the dendrimers, depending on the pH conditions. Flavin 
derivatives were effectively associated with the dendrimer in the aqueous solution. The 
interfacial adsorption of the anionic flavin derivatives was inhibited by forming associates 
with the dendrimer, while the associates were transferred across the interface in the 




Dendrimers are non-traditional polymers which have a well-defined molecular structure 
and have attracted much attention as molecular capsule for drug delivery systems (DDS) 
and separation sciences. It is worth investigating molecular encapsulation behavior and 
charge transfer reaction of dendrimers at an interface between two immiscible electrolyte 
solutions (ITIES) where metal ions and organic molecules are transferred. In order to 
evaluate the potential ability of dendrimers as molecular capsule, molecular encapsulation 
behavior of amino and carboxylate-terminated polyamidoamine (PAMAM) dendrimers 
and the interfacial behavior at the polarized water|1,2-dichloroethane (DCE) interface 
were investigated through potential modulated fluorescence (PMF) spectroscopy. The 
association between the dendrimers and the porphyrins or bioactive species was 
significantly dependent on the pH condition and the generation of dendrimers. In aqueous 
solutions, the spectroscopic results indicated that zinc(II) 5,10,15,20-tetrakis(4-
sulfonatophenyl)porphyrin (ZnTPPS4–) associated with the positively charged fourth 
generation (G4) PAMAM dendrimer was highly stabilized without protolytic 
demetalation in a wide range of pH. On the other hand, the free base porphyrin 
(H2TPPS
4–) was readily protonated under acidic conditions even in the presence of the 
dendrimers accompanied by forming the J-aggregates of diprotonated species, 
(H4TPPS
2–)n. PMF measurement at the water|DCE interface revealed that the dendrimers 
incorporating porphyrin molecules were transferred across the positively polarized 
interface accompanied by the adsorption process, whereas the porphyrins released from 
the dendrimers were transferred at the negatively polarized interface. The ion association 
stability between the dendrimer and the porphyrin estimated from the negative shift of 
the transfer potential of the porphyrins exhibited relatively strong interaction between 
ZnTPPS4– and the higher generation dendrimer. In the bioactive species systems, 
ionizable drugs, i.e. dipyridamole (DIP), propranolol (PRO) and warfarin (WAR), were 
 not effectively associated with the dendrimers in the aqueous solutions. PMF results of 
the fluorescent DIP indicated that the monoprotonated form, HDIP+, was transferred 
across the water|DCE interface accompanied by the adsorption process and the interfacial 
mechanisms of the DIP species were significantly modified by the dendrimers, depending 
on the pH conditions. Flavin derivatives, especially riboflavin (RF) and lumichrome (LC), 
were effectively associated with the dendrimer in the aqueous solution. The interfacial 
adsorption of the anionic flavin derivatives was inhibited by forming associates with the 
dendrimer, while the associates were transferred across the interface in the positive 
potential region. Present results demonstrated that the potential ability of the dendrimers 
as molecular capsule and drug transporter. 
 

